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INTRODUCTION 

Light  may  be  a  source  of  vision,  a  source  of  comfort,  an  inspiring  in- 
fluence, or  an  element  of  the  beautiful.     A  means  of  generating  light  has 
long  been  recognized  as  a  basic  need  in  man's  attempt  to  control  his  en- 
vironment.    A  source  of  illumination  is  basic  to  visually-oriented  man  - 
to  his  activities,  to  his  ability  to  perform,  and  to  his  sense  of  well   being 
and  security.     In  this  sense,  light  is  fundamental   to  man's  environment. 
It  affects  the  usefulness  and  the  enjoyment  -for  in  darkness,   the  environ- 
ment becomes  inadequate  for  most  human  activities. 

In  this  regard,  one  can  characterize  the  term  "comfort"  as  implying  a 
reduction  of  the  stresses  caused  by  negative  influences  such  as  excessive 
glare,  darkness  etc.     The  lighting  designer  must  understand  the  nature  of 
such  distracting  and  disconcerting  influences,  because  over  a  period  of  time 
they  cause  strain  and  fatigue  in  a  participating  individual.     One  objective 
of  the  controlled  environment,  then,   is  the  organization  of  facilities,  forms, 
and  systems  to  minimize  such  stresses;  for  with  fatigue,  a  space  or  activity 
can  become  offensive  to  an  individual,   and  his  emotional   attitude  toward 
work  or  toward  an  organized  activity  becomes  impaired. 

The  goal  of  a  good  lighting  design  is  to  create  an  efficient  and 
pleasing  interior.     These  two  requirements,   that  is,   the  utilitarian  and 
aesthetic,  are  not  antithetical   as  is  demonstrated  by  eyery  good  lighting 
design.     Non-uniform  lighting  seems  to  be  generally  preferred  over  uniform 
lighting  when  aesthetic  evaluations  are  made.     The  possibilities  for  pro- 
viding adequate,  interesting,  and  unusual   lighting  are  much  greater  today 


than  ever  before  by  using  incandescent,   fluorescent,  and  mercury  vapor 
sources  in  a  wide  range  of  convenient  forms. 

Scale  Modeling  Technique 

One  major  problem  is  how  to  represent  a  designed  environment  before  it 
is  built.     Real  or  proposed  physical  spaces  are  difficult  to  model  or 
manipulate  experimentally,  not  only  because  they  are  expensive  and  time  con- 
suming to  construct  but  also  because  they  are  highly  complex,  and  their 
connotations  will  vary  with  different  kinds  of  self  selected  users  in 
variously-defined  groups. 

Although  extensive  research  has  been  done  to  establish  the  visual   per- 
formance basis  for  lighting  system  design,  there  haven't  been  effective 
methods  to  portray  the  aesthetics  of  an  environment  except  through  an 
artist's  rendering.     A  rendering  is  only  the  artist's  conception  of  the 
results,  and  may  not  provide  much  detail   on  brightness  ratios,  shadows,  and 
highlights  which  the  system  creates.     The  question,   therefore,  is  how  a 
lighting  system  can  be  evaluated  as  part  of  a  total   environment  prior  to 
actually  creating  the  environment.     Perhaps  even  more  important  is  how  dif- 
ferent lighting  systems  can  be  evaluated  to  establish  a  system  design. 

Designers  in  architecture,  and  in  lighting,  must  work  through  some 
predictive  or  representational   technique:     The  traditional   medium  of  an 
architect  is  a  pencil   sketch.     In  contrast,  a  lighting  engineer  tends  tc 
work  with  and  look  for  meaning  in  numbers,  equations,  and  tables.     Unfortun- 
ately,  the  numbers  of  a  lighting  engineer  do  not  constitute  a  meaningful 
language  for  an  architect's  concern  with     visual   form  and  arrangement, 
and  an  artist's  sketch  does  not  communicate  much  with  regard  to  his 
wishes  on  the  quantities  of  the  luminous  environment. 


One  can  attempt  to  experiment  with  structures,  either  in  full  scale 
or  real  time  or  in  terms  of  simulated  settings  abbreviated  in  time  and 
space.  Full  scale,  real  time  simulations  are  relatively  rare,  tney  are 
expensive  to  create  realistically  and  difficult  to  investigate  because 
often  the  process  of  investigation  itself  reduces  their  realism.  Accordingly 
lighting  designers  have  turned  to  small  scale  simulations  which  allow  them 
to  make  evaluations  of  real  lighting  environments. 

Small  scale  representations,  simulations  or  mockups  of  built  spaces  can 
be  used  for  lighting  design  study.  Some  simulations  can  be  effective  for 
some  purposes  but  not  for  others;  thus,  in  experimentation  the  simulation 
technique  one  uses  will  vary  with  the  kinds  of  forms  and  spaces  to  be  repre- 
sented. Although  one  cannot  say  with  certainty  whether  responses  to  a 
simulated  lighting  environment  using  scale  models  will  be  the  same  as  when 
expressed  in  full  scale,  it  would  not  be  unreasonable  to  say  that  scale 
models  can  to  a  large  extent  realistically  represent  lighting  systems. 
Scale  models  have  been  used  by  lighting  designers  to  evaluate  the  luminous 
environment  and  to  demonstrate  system  performance  differences. 

Lemons  and  Macleod  (1971)  did  a  study  on  scale  models  for  lighting 
system  design  and  evaluation.  They  used  a  scale  of  one  to  eight  for  their 
model.  The  actual  size  of  the  model  was  four  feet  by  four  feet  by  one 
and  one-half  feet,  two  back  walls  were  fastened  to  the  frame.  The  top 
enclosure  of  the  model  was  a  light  chamber  housing  ten  300-watt  reflector 
lamps,  two,  four,  six,  eight,  or  ten  of  which  could  be  operated  at  one  time. 
The  chamber  was  white  on  the  inside  to  keep  the  light  level  as  high  as 
possible.  To  provide  indirect  lighting  from  the  side  walls  four-foot 
fluorescent  units  were  mounted  on  the  backs  of  the  walls.  Light  was 


directed  through  slots  in  the  wall   and  was  reflected  into  the  model  off 
curved  reflectors  mounted  over  the  slots. 

Lemons  and  Macleod  emphasized  that  in  simulating  a  lighting  system 
great  care  must  be  taken  to  make  sure  that  the  principle  of  the  lighting 
fixture  being  used  is  followed.     There  is  no  basis  for  comparison  between 
systems  unless  each  simulated  system  is  performing  as  nearly  like  the  actual 
one  as  possible.     The  ceilings  used  in  the  model  were  painted  with  flat 
white  ceiling  paint,  the  walls  were  also  finished  with  a  flat  white  paint. 
The  floor  finish  simulated  a  high  reflectance,  glossy  tile  floor.     A  simu- 
lated rug  was  also  used  to  provide  a  low  reflectance  as  a  standard  vari- 
ation in  all   system  evaluation.     The  model   according  to  the  authors  could 
provide  unlimited  variations  to  reproduce  any  lighting  system  and  environ- 
ment. 

Lemons  and  Macleod  used  different  lighting  systems,  among  them  were 
luminous  ceiling  panels  provided  by  recessed  troffers  or  luminous  panels  - 
with  the  rug  removed  increased  reflection  from  the  floor  was  obtained. 
Reflectance  of  the  walls  were  changed  which  provided  increased  contrast,  a 
coffered  ceiling  provided  a  downlight  type  environment.     A  batwing-type 
lighting  system  was  used  which  might  be  classified  as  a  directional  down- 
light  system.     An  indirect  system  was  also  used  which  had  no  defined 
shadows.     The  authors  concluded  that  horizontal   illumination  has  limited 
meaning,   and  the  primary  factor  in  determining  system  quality  is  the 
luminance  ratio  of  the  ceilings,  walls,  and  floors. 

Another  study  was  done  by  Lemons  and  Macleod  (1975)  which  used  scale 
models  to  demonstrate  "Equivalent  Sphere  Illumination"   (ESI).     The  need 
for  a  better  method  of  specifying  lighting  system  quality  has  led  to 


replacing  standard  footcandle  levels  with  levels  of  ESI.     Based  on  the 
previous  success  of  models,  the  authors  felt  they  might  help  demonstrate 
ESI  concepts.     The  model  was  48  inches  wide,   24  inches  deep,  and  18  inches 
high  made  on  a  scale  of  2  inches  equals  1   foot. 

Lemons  and  Macleod  found  that  working  with  models  provides  the  designer 
with  the  opportunity  to  make  value  judgments  about  several   types  of  lighting 
systems.     Using  the  model   to  keep  the- environment  identical,  but  changing 
the  light  system,  the  real  system  differences  become  apparent. 

Rodman  (1970)  used  a  slide  model   technique  for  the  study  and  evaluation 
of  luminous  environment  of  interiors.     The  models  are  usually  of  cardboard 
with  numerous  planned  provisions  for  variations  in  colors,   textures,  patterns, 
shapes,  and  lighting  arrangements.     Various  methods  are  used  to  introduce 
light  to  the  modeled  spaces.     In  one  of  the  simplest  arrangements,  the 
boundaries  of  the  model   contain  openings  of  various  shapes  and  sizes,  often 
covered  with  diffusing  panels  or  containing  some  kind  of  shielding.     The 
models  are  placed  in  a  "light  box"  formed  of  a  cube  of  plywood,   four  feet 
on  a  side,  painted  white  inside,  and  illuminated  at  the  top  with  a  variety 
of  fluorescent  and  incandescent  luminaires.     Light  enters  the  model    through 
openings  provided  in  the  rough  approximation  of  a  number  of  kinds  of  light 
fixtures,  and  the  interior  responds  in  accordance  with  its  various  character- 
istics.    Rodman  found  the  technique  to  give  a  good  simulation  of  full  scale 
reality. 

Seaton  and  Collins   (1972)  made  a  study  of  the  exterior  form  of  four 
different  buildings  on  the  University  of  British  Columbia  campus.     The  four 
test  buildings  were  each  visually  represented  to  judges   in  four  different 


ways:     in  full   scale,  in  scale  models,  in  color  photographs,  and  in  black 
and  white  photographs.     Each  subject  evaluated  one  of  the  four  experimental 
simulation  modes.     The  authors  found  that  the  qualities  that  buildings 
impart  to  viewers  are  generally    similar   over  different  types  of  simulations. 

Semantic  Differential   Technique 

A  tool  to  evaluate  the  environmental  quality  of  lighting  is  the  semantic 
differential   technique.     Each  semantic  rating  scale  consists  of  two  words, 
one  on  each  side  of  the  scale,  these  words  are  opposite  in  meaning.     The 
scale  is  divided  uniformly  from  one  end  to  the  other  into  a  convenient 
number  of  segments,   the  segments  convey  degrees  between  the  two  anchor 
words  in  an  ascending  or  descending  order.     For  example,   the  scales  shown 
below  might  be  semantic  differential   rating  scales 

UNPLEASANT     12  3  4  5  6  7  PLEASANT 

SPACIOUS         1  2  3  4  5  6  7  CROWDED 

The  semantic  differential   technique  was  developed  by  Osgood  et  al_  (1957) 
It  is  the  most  widely  used  technique  in  the  study  of  subjective  responses 
to  the  built  environment.     The  scales  correspond  to  the  verbal   mode  by 
which  occupants  most  often  express  their  perceptions,  thoughts,   feelings, 
attitudes,  and  behaviors  concerning  their  environment.     An  advantage  of  the 
semantic  differential   technique  is  that  it  can  be  applied  to  a  wide  area 
of  research.     One  of  the  most  important  requirements  of  the  semantic 
approach  is  representative  sampling.     One  may  have  a  large  number  of  scales 
which  convey  the  same  meaning  or    similar   meaning.     This  is  why  factor 
analysis  is  used;  factor  analysis  reduces  the  data  of  a  large  number  of 


scales  which  are  to  some  degree  correlated,  to  that  of  a  smaller  number  of 
factors  which  are  independent. 

Several  studies  have  been  conducted  on  semantic  scales,  some  of  the 
recent  studies  were  by  Vielhaver  (1965),  Canter  (1968),  Craik  (1968), 
Collins  (1969),  Brittell  (1969),  and  Hershberger  (1972).  There  was 
noteworthy  agreement  between  all  of  the  above  researchers  on  the  first 
dimension  or  factor,  which  is  usually  labelled  "aesthetic  evaluation". 
This  factor  had  substantial  loading  of  such  scales  like  pleasant,  cheerful, 
colorful,  comfortable,  bright,  impressive,  gay,  etc.  A  second  factor 
"organization"  was  also  found  to  be  common  among  all  the  research.  It  had 
substantial  loadings  of  such  scales  like  neat,  orderly,  tidy,  organized, 
clear,  calm,  etc.  A  third  "space"  factor  was  evident  for  four  of  the 
researchers  with  loadings  of  such  scales  like  roomy,  large,  wide,  flexible, 
spacious,  open,  etc.  A  "potency"  factor  was  also  found  by  three  researchers 
with  loadings  of  such  scales  like  rough,  course,  rugged,  strong,  etc. 

Hershberger  (1972)  reviewed  the  studies  on  semantic  scales  and  stressed 
the  importance  of  developing  a  working  set  of  semantic  scales  for  measurement 
of  environmental  meaning.  Hershberger  wanted  to  seek  a  set  of  semantic 
scales  which  represent  all  meaningful  aspects  of  the  physical  environment; 
and  describe  potential  human  responses  to  the  attributes  of  the  physical 
environment.  He  found  five  dimensions  of  architectural  meaning:  (1)  Aesthetic 
(evaluative),  (2)  Friendliness,  (3)  Organization,  (4)  Potency,  and  (5)  Space, 
illustrated  by  the  following  scales: 


1.  Aesthetic:  Pleasant  -  Unpleasant 

2.  Friendliness:  Friendly  -  Hostile 

3.  Organization:  Ordered  -  Chaotic 

4.  Potency:  Rugged  -  Delicate 

5.  Space:  Loose  -  Compact 

While  some  authors  have  disclaimed  interest  in  being  "definitive",  a 
rather  common  objective  has  been  to  find  the_  factors  or  dimensions  of 
aesthetic  reactions  to  the  built  environment  (interiors  and  facades  have 
been  lumped  together  in  some  reviews). 

Aesthetics  of  Lighting 

The  design  of  lighting  systems  requires  a  combination  of  scientific 
and  aesthetic  considerations.  The  engineer  may  use  all  of  the  technical 
material  available  to  him  and  yet  be  unable  to  create  an  environment  that 
is  aesthetically  pleasing.  The  interior  designer  may  provide  the  correct 
combination  of  surface  finishes,  textures  and  elegant  furnishings,  but 
improperly  illuminated,  the  environment  may  still  not  be  pleasing.  A 
marriage  of  these  skills  is  therefore  imperative  to  create  environments  that 
are  aesthetically  pleasing  to  the  inhabitants. 

In  recent  years  increasing  attention  has  been  paid  to  the  complex 
problem  of  lighting  quality.  Without  downgrading  the  obvious  influence  of 
light  in  facilitating  visibility  (and  thus  performance)  of  a  visual  task, 
it  seems  equally  obvious  that  light  contributes  in  other  ways  to  the  visual 
quality  of  a  room  and  to  the  sense  of  well -being  felt  by  the  users  of  that 
room.  Some  psychological  aspects  of  lighted  space  can  be  recognized  and 
documented  if  lighting  design  is  studied  as  an  exercise  in  visual 


communication.  This  suggests  that  as  the  designer  changes  lighting  modes 
(i.e.,  the  patterns  of  light,  shade,  and  color  in  the  room),  he  changes  the 
composition  and  relative  strength  of  visual  signals  and  cues;  and  this  in 
turn  alters  some  impressions  of  meaning  for  the  typical  room  occupant  or 
user. 

Aldworth  (1970)  studied  variety  in  lighting  using  a  room  furnished 
as  a  modern  "prestige"  office.  There  were  two  basic  kinds  of  lighting, 
"static"  lighting  and  "varied"  lighting.  "Static"  lighting  was  general 
or  uniform  illumination  whereas  "varied"  lighting  was  non  uniform  illumin- 
ation. The  results  were  that  the  subjective  appraisal  of  the  visual  im- 
pression of  the  room  showed  varied  lighting  was  generally  preferred.  On 
the  ratings  of  "good-bad",  static  lighting  was  judged  to  be  bad.  For 
"comfortable  -  uncomfortable,"  varied  lighting  was  clearly  rated  as  com- 
fortable. For  the  "pleasant  -  unpleasant"  rating  for  static  lighting,  a 
progressive  trend  towards  unpleasant  occurred  whereas  the  varied  lighting 
was  consistently  rated  as  pleasant.  Aldworth  concluded  that  the  visual 
impression  of  the  room  under  varied  lighting  is  favored  as  one  would  expect 
from  other  appraisal  work  carried  out  in  recent  years. 

Hawkes,  Loe,  and  Rowlands  (1975)  studied  lighting  aesthetics  of  an 
office  using  eighteen  lighting  situations.  They  achieved  this  by  using 
various  luminaires  (central  downlighters  and  central  fluorescent  fixtures, 
fluorescent  along  walls,  and  spot  light  luminaires)  at  three  levels.  They 
used  15  semantic  differential  scales.  An  interesting  result  found  in  the 
study  was  that  the  regular  arrays  of  recessed  luminaires  (central  fluorescent), 
the  most  common  way  of  lighting  offices,  was  the  least  preferred.  The 


10 


authors  felt  that  complexity  and  brightness  is  perhaps  what  people  want  in 
the  lighting  of  their  offices. 

A  very  important  study  was  done  by  Flynn,  Spencer,  Martyniuk,  and 
Hendrick  (1973)  of  Kent  State  University  entitled  "Interim  Study  of  Procedures 
for  Investigating  the  Effect  of  Light  on  Impression  and  Behavior".  The 
study  was  conducted  in  a  room  set  up  as  a  conference  room.  This  room  was 
rectangular  in  shape  with  a  rectangular  conference  table  in  the  middle  with 
ten  chairs  around  it.  The  room  had  a  number  of  lighting  arrangements  that 
permitted  significant  variation  in  the  visual  character  of  the  space  without 
changing  any  of  the  other  conditions.  There  were  six  lighting  arrangements 
for  the  experiment  and  judgments  were  obtained  for  all  of . the  six  lignting 
arrangements.  Ratings  were  analyzed  from  12  groups  with  a  total  of  96  subjects 
who  were  distributed  in  groups  of  eight. 

The  six  lighting  arrangements  of  the  study  were: 

1.  Overhead  downlighting,  low  intensity  -  10  fc. 

2.  Peripheral  wall  lighting,  all  walls  -  10  fc. 

3.  Overhead  diffuse,  low  setting  -  10  fc. 

4.  Combination:  overhead  down  lighting  (1)  +  end  walls  -  10  fc. 

5.  Overhead  diffuse,  high  intensity  -  100  fc. 

6.  Combination:  Overhead  down  lighting  (1)  +  Peripheral  (2)  + 
Overhead  diffuse  (3)  -  30  fc. 

The  principal  factors  of  the  semantic  scales  used  in  the  study  were  a 
general  "evaluative"  factor  which  had  scales  like  pleasant  -  unpleasant, 
a  "perceptual  clarity"  factor  which  had  scales  like  clear  -  hazy,  and  a 
"spaciousness"  factor  which  had  scales  like  spacious  -  cramped. 
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The  results  showed  that  the  highest  condition  on  evaluation  was  the 
combination  arrangement:     Overhead  downlighting   (1)  +  Peripheral    (2) 
+  Overhead  diffuse  (3).     For  perceptual   clarity,  overhead  diffuse,   high 
intensity  (5)  was  the  best,   it  is  obvious  that  the  higher  level   of  illumin- 
ation was  the  factor.     Impressions  of  spaciousness  resulted  from  peripheral 
rather  than  overhead  lighting.     This  study  has  contributed  useful   infor- 
mation on  how  lighting  environments  should  be  designed  and  what  particular 
features  will   have  positive  reinforcements  for  the  inhabitants. 

A  similiar  study  on  subjective  responses  to  low-energy  and  non-uniform 
lighting  systems  was  done  by  Flynn  (1976).     He  used  three  broad  factors 
of  impressions,   namely  evaluative,  visual   clarity,  and  spaciousness.     Each 
of  these  factors  had  appropriate  semantic  scales.     He  used  seven  light 
settings  with  variations  in  levels:     central   downlighting,   peripheral    (wall) 
lighting,  and  central   diffuse  lighting.     Flynn  found  when  impressions  of 
general   clarity  and  utility  are  important,  overhead  lighting  shows  the  highest 
evaluation.     Furthermore,  non-uniform  overhead  systems  that  light  the  central 
portions  of  the  room  appear  to  be  more  effective  in  this  regard  than  overhead 
systems  that  permit  noticeably  lower  light  levels  in  the  central  areas.     Also 
when  evaluative  impressions  and/or  impressions  of  spaciousness  are  desired, 
peripheral    (wall)   lighting  is  the  most  effective. 

Most  of  the  studies  done  so  far  on  lighting  environments  have  been  on 
public  spaces  like  offices,   conference  rooms  etc,  \/ery  little  has  been  done 
on  private  spaces  like  living  rooms.     Living  rooms,  for  example,   generally 
have  different  types  of  lighting  than  public  spaces  and  their  study  could 
provide  insight  into  future  lighting  system  designs.     In  a  study  (Bennett, 
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1975)  of  campus  offices,  lobbies,  and  other  spaces  a  public-private  factor 
was  found.     It  is  felt  that  people  have  different  preferences  for  lighting 
for  public  and  private  spaces.     This  is  one  of  the  objectives  of  this  re- 
search, to  find  if  there  are  any  differences  in  aesthetic  reactions  between 
public  and  private  spaces.     In  this  study  public  is  represented  as  a  waiting 
room  and  private  as  a  living  room. 
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PROBLEM 

The  objective  of  this  research  is  to  validate  the  results  of  the  study 
by  Flynn,  Spencer,  Martyniuk,  and  Hendrick  (1973)  using  scale  models  of  a 
living  or  waiting  room.  It  is  believed  that  scale  models  can  realistically 
represent  real  conditions.  The  lighting  arrangements  used  in  the  study  by 
Flynn  and  others  (1973)  will  be  incorporated  in  the  model  to  a  great  extent. 

Specifically  the  following  hypotheses  are  made: 

(1)  A  combination  of  central  and  peripheral  fluorescent  lighting  + 
Incandescent  lighting  will  have  the  highest  evaluation. 

(2)  For  perceptual  clarity,  peripheral  (wall)  fluorescent  lighting 
at  high  level  (205  fc)  would  be  the  best. 

(3)  Impressions  of  spaciousness  will  result  from  peripheral  lighting. 
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METHOD 

In  this  study  sixty  subjects  made  subjective  evaluations  of  a  scale 
model  designed  as  a  living/waiting  room.     The  lighting  conditions  were 
varied  and  judgments  were  made  by  the  subjects  on  semantic  differential 
rating  scales.     There  were  seven  lighting  conditions  in  all  and  each  subject 
evaluated  all   of  these.     Half  the  subjects  evaluated  the  model  as  a  living 
room  and  half  of  them  as  a  waiting  room. 

Model 


The  model  was  made  to  a  scale  of  one  inch  equals  to  one  foot-  (Figure  1). 
The  dimensions  of  the  model  were  20"  x  12"  x  8",  thus  the  model  simulated  a 
living/waiting  room  20  feet  x  12  feet  with  a  ceiling  height  of  8  feet. 
The  inside  of  the  model  had  sofas  and  easy  chairs  and  wall  hangings.  (Figures  2, 
3  and  4).  The  walls  and  ceiling  of  the  model  were  white,  the  floor  had  a 
grey  dull  surface  simulating  a  carpet.  Above  the  ceiling  was  the  lighting 
arrangement,  it  consisted  of  four  40  watt  cool  white  fluorescent  lamps  and 
four  six  watt  incandescent  lamps.  The  lighting  arrangements  were  achieved 
by  changing  the  type  of  openings  in  the  ceiling.  The  openings  served  as 
different  types  of  fixtures  through  which  the  light  could  come  through 
(Figure  5).  Thus,  by  changing  the  ceiling  different  lighting  patterns 
were  obtained.  For  fluorescent  light  there  were  two  basic  openings: 
rectangular  one  inch  wide  openings  around  the  edges  for  peripheral  (wall) 
lighting  and  a  central  rectangular  3"  x  12"  opening  in  the  center  for 
central  lighting.  For  the  incandescent  light  four  circular  openings  of 
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Figure  I.   Structure  of  the  scale  model 
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Figure  2.    Front  view  of  the  model 
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Figure  3.    Three  dimensional  view  of  the  mode! 
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Figure  5.    Types  of  Ceiling   Patterns 
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seven  eights  of  an  inch  near  the  four  corners  of  the  central   rectangular 
opening  were  made.     The  model  was  constructed  inside  a  larger  lighting 
"booth"  46"  x  23"  x  19".     This  booth  was  made  of  a  steel   frame  and  its 
ceiling  housed  the  four  40  watt  fluorescent  lamps.     These  lamps  could  be 
operated  at  variable  illumination  levels. 

With  the  basic  ceiling  patterns  as  shown  in  Figure  3,   the  following 
seven  lighting  conditions  were  obtained: 

(1)  Central   fluorescent  lighting  (35  fc) 

(2)  Central   fluorescent  lighting  +  Incandescent  downlighting  (35  fc) 

(3)  Peripheral   fluorescent  lighting   (35  fc) 

(4)  Peripheral   fluorescent  light  +  incandescent  downlighting   (35  fc) 

(5)  Combination  of  central    &  peripheral   fluorescent  lighting  (35  fc) 

(6)  Combination  of  central   &  peripheral   fluorescent  lighting  + 
incandescent  downlighting  (35  fc) 

(7)  Peripheral   fluorescent  lighting  at  a  high  illumination  level 
(205  fc) 

The  first  six  conditions  were  all   at  the  same  low  level  of  illumination 
of  35  footcandles   (fc).     This  level   is  within  the  recommended  illumination 
level   for  lobbies  which  is  10  to  40  footcandles.     The  seventh  condition, 
which  is  the  ceiling  pattern  of  condition  (3)  at  a  high  level   of  illunin- 
ation,  was  at  205  footcandles.     The  reason  for  selecting  a  high  level  con- 
dition is  that  it  is    similar    to  one  of  the  conditions  studied  by  Flynn, 
Spencer,  Martyniuk,  and  Hendrick  and  it  is  expected  to  be  associated  with 
visual   clarity. 
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Task 

The  subjects  were  asked  to  make  their  judgments  of  the  seven  lighting 
arrangements  one  after  the  other.     The  subjects  evaluated  the  model  either 
as  a  living  or  as  a  waiting  room.     They  were  handed  the  informed  consent 
and  instruction  form  which  briefly  explained  the  experiment.     An  illumin- 
ation level   adjustment  period  was  allowed  before  the  subject  made  his 
judgment.      After  he  had  finished  evaluating  the  first  arrangement  he  was 
shown  the  other  arrangements  till   he  had  completed  all   seven.     The  judgments 
were  made  on  11   semantic  differential   rating  scales.     Four  broad  factors  of 
scales  were  chosen:     "evaluative"  which  had  the  scales  pleasant-unpleasant, 
relaxed- tense,  and  interesting-monotonous;  "perceptual   clarity"  which  had 
the  scales  clear-hazy,  bright-dim,  and  distinct-vague;  "spaciousness"  which 
had  the  scales  large-small,  long-short,  and  spacious-cramped;  "color"  which 
had  the  scales  warm-cool  and  sunny-cloudy.     The  first  three  factors  are  the 
same  as  those  chosen  by  Flynn,  Spencer,  Martyniuk,  and  Hendrick.     The 
fourth  factor  was  selected  due  to  its  relevance  to  this  study.     Thus,  on  the 
whole  the  subjects  made  their  judgment  on  eleven  scales.     The  scales  and  an 
example  of  a  response  sheet  are  shown  in  Figure   6.     Each  subject  took 
approximately  fifteen  minutes  to  make  evaluations  for  all   seven  conditions. 

Experimental   Design 

The  scale  model  was  used  to  study  lighting  aesthetics  for  two  types  of 
rooms,  a  living  room  and  a  waiting  room.     Half  the  subjects  evaluated  the 
model   as  a  living  room  and  half  as  a  waiting  room,   in  all    they  judged  seven 
lighting  conditions.     The  subjects  judged  the  conditions  on  eleven  semantic 
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scales,  these  evaluations  would  provide  information  as  to  what  are  the 
general  preferences  for  lighting.  Six  conditions  were  at  a  low  level  of 
35  footcandles  and  a  seventh  condition  was  at  a  much  higher  level  of  205 
footcandles. 

The  independent  variables  in  this  experiment  were  the  lighting  con- 
ditions and  the  room  instructions  and  the  dependent  variables  were  the 
subjective  evaluations  made  by  the  subjects.  The  lighting  conditions  and 
the  rooms  were  assigned  numbers  and  random  number  tables  were  used  for 
randomization  of  sequence  of  the  lighting  conditions  and  the  rooms. 

In  this  study  all  the  other  variables  except  lighting  were  kept  constant 
like  furniture  arrangements,  wall  hangings  etc.  Thus  any  differences  in 
evaluations  would  be  due  to  the  lighting  only.  The  living  room  represented 
a  private  space  and  the  waiting  room  represented  a  public  space. 

Subjects 

Most  of  the  subjects  recruited  were  on  a  voluntary  basis,  and  tney  were 
students  of  Kansas  State  University.  The  experimenter  asked  any  students  at 
random  passing  by  whether  they  were  interested  in  being  subjects  on  a  study 
of  lighting.  The  study  was  briefly  explained  and  if  they  were  then  interested 
they  became  subjects.  About  five  subjects  were  obtained  by  sign  ups  which 
had  been  distributed  in  the  classes.  In  all  sixty  subjects  were  used  for  the 
study  and  they  were  from  nearly  all  curriculums  at  the  campus. 

After  the  subject  sat  down  he  was  given  the  "Informed  Consent  and 
Instructions"  form  which  he  read  before  making  the  evaluations  (Figures  7  and 
8).  After  reading  the  form  which  told  him  what  the  study  was  about  and  what 
he  was  supposed  to  do,  he  then  signed  the  "Informed  Consent  Statement"  form 
(Figure  9)  and  then  began  making  the  evaluations. 
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FOR  EXPERIMENTER  USE  ONLY: 


TYPE  OF  ROOM 

TYPE  OF  SOURCE 

LUMINA'IRE  PATTERN 


LR/WR 
F/I 
1/2/3/4/5/6/7 


GRADING  SHEET 


Name: 


,  AGE: 


_yrs,  SEX:  M/F 


unpleasant 

warm 

vague 

short 

cloudy 

small 

tense 

cramped 

hazy 

monotonous 

dim 


AVERAGE 

2  3  4  5  6  7  pleasant 

2  3  4  5  6  7  cool 

2  3  4  5  6  7  distinct 

2  3  4  5  6  7  long 

2  3  4  5  6  7  sunny 

2  3  4  5  6  7  large 

2  3  4  5  6  7  relaxed 

2  3  4  5  6  7  spacious 

2  3  4  5  6  7  clear 

2  3  4  5  6  7  interesting 

2  3  4  5  6  7  bright 


DATE : 
REMARKS : 


(signature) 


Figure  6.     An  example  of  the  grading  sheet. 
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INFORMED  CONSENT  AND  INSTRUCTIONS 
LIVING  ROOM 

This  experiment  is  designed  to  study  subjective  evaluations  of  lighting 
environments  using  scale  models. 

Your  task  will  be  very   simple.  You  will  be  asked  to  sit  down  in  front 
of  a  scale  model  of  a  living  room,  lit  by  a  particular  kind  of  lighting. 
You  will  be  shown  this  condition  briefly,  then  you  will  judge  the  lighting. 
Altogether  you  will  be  exposed  to  seven  light  settings.  The  judgments  will 
be  made  on  scales  as  shown  below.  For  example,  if  you  feel  that  a  particular 
lighting  is  very  pleasant,  very  friendly,  and  is  average  in  beauty,  circle 
the  number  close  to  your  judgment  on  the  sheet,  as  shown  below. 

Average 

UNPLEASANT     1     2    3    4    5    6    ©    PLEASANT 

UNFRIENDLY     1     2    3    4    5    6    ®    FRIENDLY 
UGLY     1     2    3    (?)    5    6    7    BEAUTIFUL 

There  will  be  no  discomfort  nor  risk  in  this  experiment.  However, 
you  are  free  to  stop  your  participation  at  any  time.  Naturally  I  would 
prefer  that  you  continue  until  the  end  so  that  I  can  get  all  of  the  needed 
data.  If  you  have  any  questions,  now  or  later,  feel  free  to  ask. 

If  you  have  any  comments  about  the  procedure  and  experiment,  please 
feel  free  to  write  them  at  the  end  of  the  experiment  in  the  space  provided 
below  the  scales. 

Now  if  you  are  ready  for  the  experiment,  please  sign  the  informed 
consent  statement  form  given  by   the  experimenter, 

Thanks  for  your  cooperation. 
Figure  7.  "Informed  Consent  and  Instructions"  form. 


INFORMED  CONSENT  AND  INSTRUCTIONS 
WAITING  ROOM 
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This  experiment  is  designed  to  study  subjective  evaluations  of 
lighting  environments  using  scale  models, 

Your  task  will  be  wery   simple.  You  will  be  asked  to  sit  down  in 
front  of  a  scale  model  of  a  waiting  room,  lit  by  a  particular  kind  of 
lighting.   You  will  be  shown  this  condition  briefly,  then  you  will  judge 
the  lighting.  Altogether  you  will  be  exposed  to  seven  light  settings.  The 
judgments  will  be  made  on  scales  as  shown  below.  For  example,  if  you  feel 
that  a  particular  lighting  is  very  pleasant,  very  friendly,  and  is  average 
in  beauty,  circle  the  number  close  to  your  judgment  on  the  sheet,  as  shown 
below. 

Average 

3    4    5 

3    4    5 

3   Q   5 

There  will  be  no  discomfort  nor  risk  in  this  experiment.  However,  you 
are  free  to  stop  your  participation  at  any  time.  Naturally  I  would  prefer 
that  you  continue  until  the  end  so  that  I  can  get  all  of  the  needed  data. 
If  you  have  any  questions,  now  or  later,  feel  free  to  ask. 

If  you  have  any  comments  about  the  procedure  and  experiment,  please 
feel  free  to  write  them  at  the  end  of  the  experiment  in  the  space  provided 
below  the  scales. 

Now  if  you  are  ready  for  the  experiment,  please  sign  the  informed 
consent  statement  form  given  by  the  experimenter. 

Thanks  for  your  cooperation. 
Figure  8.  "Informed  consent  and  instructions"  form. 
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Informed  Consent  Statement 

Having  read  the  informed  consent,  I  hereby  freely  agree  to  be  a 
subject  in  the  research  entitled  "SCALE  MODEL  STUDY  OF  LIGHTING  AESTHETICS." 

S.  NO.        SIGNATURE  AGE      SEX  CM/F)     DATE 


Figure  9.  " I n formed  consent  statement"  form. 
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RESULTS 

The  subjective  reactions  of  the  subjects  for  each  lighting  condition 
on  each  scale  are  given  in  the  Appendix  A.     The  corresponding  factor  scores 
are  also  given.     The  type  of  room  is  specified  by  a  "W"  or  "L"  which 
represents  the  waiting  room  and  living  room  respectively.     The  letters  Rl , 
R2,   . ..,  Rll   used  are  the  eleven  semantic  differential   rating  scales  which 
have  been  numbered  1   to  11 ,   these  are  listed  in  Figure  10.     P  is  the  ceiling 
luminai re  pattern  and  it  is  numbered  1   to  7  which  represents  the  seven 
lighting  conditions,  these  are  listed  in  Figure  11. 

Table  1   shows  the  correlation  matrix  for  the  semantic  scales.     Factor 
analysis  of  the  eleven  scales  was  carried  out  with  the  correlation  matrix 
using  the  Statistical  Analysis  System  computer  program  (1976).     Four  factors 
were  extracted  from  the  analysis. 

Table  2  shows  the  four  factors   found  for  the  scales  with  their  re- 
spective loadings.     Loadings  greater  than  0.49  will   be  considered  to  be 
high.     In  this  respect  high  loadings  on  factor  1  occur  with  the  scales 
3,   5,  6,   9,  and  11,  which  are  vague  -  distinct,  cloudy-sunny,  small-large, 
hazy-clear,  and  dim-bright  respectively,   factor  1  was  named  "clarity". 
High  loadings  on  factor  2  occur  with  the  scales  1,   7,  and  10,  which  are 
unpleasant-pleasant,   tense-relaxed,  and  monotonous-interesting  respectively; 
factor  2  was  named  "evaluation".     High  loadings  on  factor  3  occur  with  the 
scales  2,  4,   6,  and  3,  which  are  warm-cool ,  short-long,   small-large,  and 
cramped-spacious  respectively;   factor  3  was  named  as  "spaciousness".     The 
only  high  loading  on  factor  4  is  scale  2  which  is  warm-cool;   factor  4  was 
named  as   "warmth". 
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Rl  unpleasant  -  pleasant 

R2  warm  -  cool 

R3  vague  -  distinct 

R4  short  -  long 

R5  cloudy  -  sunny 

R6  small  -  large 

R7  tense  -  relaxed 

R8  cramped  -  spacious 

R9  hazy  -  clear 

RIO  monotonous  -  interesting 

Rll  dim  -  bright 


Figure  10.     The  eleven  semantic  scales 
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PI  Combination  of  central  &  peripheral  fluorescent  lighting  + 
incandescent  downlighting 

P2  Combination  of  central  &  peripheral  fluorescent  lighting 

P3  Central  fluorescent  lighting  +  incandescent  downlighting 

P4  Central  fluorescent  lighting 

P5  Peripheral  fluorescent  light  +  incandescent  downlighting 

P6  Peripheral  fluorescent  lighting 

P7  Peripheral  fluorescent  lighting  at  a  high  illumination  level 


Figure  11.  Types  of  ceiling  luminaire  patterns 
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A  Chi -square  test  was  done  to  test  the  homogeneity  within  co- 
variance  matrices.  The  purpose  of  this  test  was  to  see  whether  multi- 
variate analysis  could  be  done  taking  all  the  factors  together  as  one  group. 
Table  3  shows  the  results;  as  the  Chi -square  value  is  significant  multi- 
variate analysis  cannot  be  done;  univariate  analysis  had  to  be  conducted 
taking  each  factor  separately. 

First  the  analysis  was  done  for  room  differences  -  whether  there  would 
be  any  significant  differences  in  reactions  comparing  the  waiting  and  the 
living  room.  The  level  of  significance  chosen  for  all  analyses  was  5%. 
The  results  of  the  analysis  are  shown  in  Tables  4,  5,  6,  and  7  which  are 
for  "clarity",  "evaluation",  "spaciousness",  and  "warmth"  factors  respectively 
The  results  indicate  that  there  was  no  significant  difference  between  rooms 
for  any  of  the  four  factors.  The  second  set  of  analyses  of  variance  were 
done  for  pattern  differences  — whether  there  would  be  any  significant 
differences  for  different  ceiling  luminaire  patterns.  The  results  of  the 
analysis  are  shown  in  Tables  8,  9,  10,  and  11  which  are  for  "clarity", 
"evaluation",  "spaciousness",  and  "warmth"  respectively.  The  results  in- 
dicate significant  differences  among  patterns  for  "clarity",  "evaluation" 
and  "spaciousness"  factors  but  no  significant  difference  among  patterns 
for  "warmth"  factor. 

Further  analysis  for  pattern  differences  was  carried  out  using  Duncan's 
multiple  range  test.  The  results  are  shown  in  Tables  12,  13,  14,  and  15 
respectively  which  show  the  factor  means  for  each  pattern  and  the  means 
with  the  same  letter  are  not  significantly  different. 
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A  one- tail  t  test  was  then  carried  out  on  the  means;  between  the 
highest  mean  and  the  average  of  the  means  of  the  remaining  six.  The 
hypothesis  set  was  that  the  highest  mean  is  greater  than  the  average  mean 
of  the  rest.  Table  16  shows  the  results  which  indicates  that  the  test 
was  not  significant  from  which  it  can  be  concluded  that  the  patterns  with 
the  highest  means  were  not  significantly  different  from  the  patterns  with 
the  lower  means . 


*  Not  significant  at  a   =  0.05. 


TABLE  16.  One  tail  t  test  for  factor  means 
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d.f. 

calculated 

tables 

FACTOR  1 

354 

0.703  * 

1.645 

FACTOR  2 

354 

0.900  * 

1.645 

FACTOR  3 

354 

0.51  * 

1.645 
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DISCUSSION 

Factor  Structure 

As  this  research  is  based  on  the  study  of  Flynn,   Spencer,  Martyniuk, 
and  Hendrick  (1973),   the  scales  were  chosen  from  their  study.     In  their 
study  the  scales  were  listed  under  three  main  factors,   namely  "evaluation", 
"perceptual   clarity",  and  "spaciousness".     Three  scales  were  selected  from 
each  factor. 

Evaluation.     This  factor  had  the  scales  unpleasant-pleasant,   tense- 
relaxed,  and  monotonous-interesting.     Evaluation  was  considered  to  be  high 
when  subjective  judgments  were  towards  pleasant. 

Perceptual   clarity.     This  factor  had  the  scales  hazy-clear,   dim-bright, 
and  vague-distinct.     Perceptual   clarity  was  considered  to  be  high  wnen 
subjective  judgments  were  towards  clear. 

Spaciousness.     This  factor  had  the  scales  small-large,  short-long, 
and  cramped-spacious.     Spaciousness  was  considered  to  be  more  when  subjective 
judgments  were  towards  large. 

Warmth .     This  factor  was  chosen  for  this  research  and  two  scales 
were  chosen  to  represent  it;  warm-cool   and  cloudy-sunny.     Warmth  was  con- 
sidered to  be  more  when  subjective  judgments  were  towards  warm. 

As  the  scales  were  the  same  it  was  expected  that  this  research  would 
show  the  same  factors  as  those  found  by  Flynn  and  others  (1973).  This  is 
shown  in  some  ways  in  the  correlation  matrix  (Table  1)  and  the  factor 
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pattern  (Table  2).     Correlations  of  0.4  or  higher  are  considered  to  be 
high.     The  matrix  shows  high  correlations  between  unpleasant-pleasant, 
tense-relaxed,  and  monotonous-interesting;  between  vague-distinct,  cloudy- 
sunny,  hazy-clear,  and  dim-bright;  between  short-long,  small-large,  and 
cramped-spacious;  the  scale  warm-cool  did  not  have  a  high  correlation 
with  any  other  scale.     The  factor  analysis  found  four  factors  and  they  are 
listed  in  Figure  12  with  their  scales  and  loadings. 

Looking  at  the  factors  it  can  be  seen  that  the  first  three  factors 
and  scales  are  the  same  as  in  the  study  by  Flynn  and  others   (1973)  whicn 
was  expected.     There  were  a  few  unexpected  scales  found  in  the  factors 
such  as  cloudy-sunny  in  the  "clarity"  factor,  warm-cool   in  the  "spaciousness" 
factor.     The  cloudy-sunny  scale  should  have  been  in  the  "warmth"  factor. 

The  percentage  of  variance  represented  by  the  four  factors  was  0.310 
for  the  "clarity"  factor,  0.216  for  the  "evaluation"  factor,  0.136  for 
the  "spaciousness"  factor,  and  0.078  for  the  "warmth"  factor;   tnese  four 
factors  together  accounted  for  0.74  of  the  variance  among  the  factors. 
Thus,   "clarity"  accounted  for  the  largest  percentage  of  variance  and 
"warmth"  the  least.     It  was  also  observed  that  the  subjective  judgments 
made  by  the  subjects  were  made  over  a  wider  range  on  the  scales  for  the 
"clarity"  factor  as  compared  to  the  "evaluation"  and  "spaciousness"  factors, 
and  for  the  "warmth"  factor  there  was  very  little  difference  in  the 
judgments  on  the  scales  for  the  seven  ceiling  luminal" re  patterns. 

Room  Effects 

The  analysis  of  variance  for  room  differences  (Tables  4,  5,  6,  and  7) 
showed  that  there  was  no  significant  difference  in  the  subjective  judgments 
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FACTOR  1   -  CLARITY 

vague  -  distinct  0.69 

cloudy  -  sunny  0.69 

hazy  -  clear  0-75 

dim  -  bright  0-71 

FACTOR  2  -  EVALUATION 

unpleasant  -  pleasant  0.76 

tense  -  relaxed  0 -81 

monotonous  -  interesting  0.60 

FACTOR  3  -  SPACIOUSNESS 

short  -  long  0.58 

small  -  large  0.53 

cramped  -  spacious  0.49 

FACTOR  4  -  WARMTH 

warm  -  cool  0.72 


Figure  12.  The  factors  with  the  scales  and  loadings 
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between  the  type  of  room  for  any  of  the  four  factors.     In  other  words  there 
was  no  difference  in  the  reactions  made  by  the  subjects,  whether  the 
model  was  a  waiting  room  or  a  living  room.     A  possible  explanation  for  this 
is  that  the  subjects  did  not  pay  attention  to  the  instructions  which  in- 
dicated whether  the  model  was  a  waiting  or  living  room.     It  may  also  be 
that  people  in  general  are  not  yery  particular  about  the  kind  of  lighting 
they  would  prefer  for  a  living  or  waiting  room  or  for  any  other  kind  of 
room.     This  could  mean  that  the  same  kind  of  lighting  can  be  used  for 
public  and  private  spaces  or  in  general   types  of  rooms,  whether  it  is 
fluorescent  lighting  or  incandescent  lighting. 

Pattern  Effects 


The  analysis  of  variances  for  pattern  differences   (Tables  8,   9,   10, 
and  11)  showed  that  there  were  significant  differences  in  the  subjective 
judgments  for  the  "clarity",   "evaluation",  and  "spaciousness"  factors 
but  no  significant  differences  among  patterns  for  the  "warmth"  factor. 
It  is  conceivable  that  the  pattern  differences  didn't  show  up  for  the 
"warmth"  factor  because  it  had  only  one  scales  whereas  the  other  factors 
had  three  scales.     Further,  there  was  very  little  incandescent  lighting 
in  the  model   compared  to  the  fluorescent  lighting,  which  would  make  it 
difficult  to  differentiate  between  the  patterns  for  the  "warmth"  factor. 

To  find  the  differences  among  the  ceiling  luminaire  patterns  for 
each  factor,   Duncan's  multiple  range  test  was  conducted  (Tables  12,   13, 
14,  and  15).     The  hypotheses  set  for  this  research  were  that  for  "evaluation" 
a  combination  of  central   and  peripheral   fluorescent  lighting  +  Incandescent 
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lighting  would  be  the  best,  for  "clarity"  peripheral   fluorescent  lighting 
at  the  high  illumination  level  would  be  the  best,  impressions  of  "spaciousness" 
would  result  from  peripheral   lighting.     The  hypotheses  were  based  on  the 
results  found  by  Flynn  and  others   (1973).     This  research  was  expected  to 
show  similiar  results  -  for  each  of  the  first  three  factors  a  particular 
pattern  would  be  the  most  preferred. 

The  Duncan's  test  showed  the  means  for  each  of  the  patterns  and  to 
find  whether  the  pattern  with  the  highest  mean  was  the  most  preferred,  a 
one-tail   t  test  was  conducted  to  find  any  significant  difference  between 
the  highest  mean  and  the  sum  of  the  means  of  the  other  six.     The  results 
of  the  t  test  (Table  16)   indicate  that  the  test  was  not  significant  for 
any  of  the  three  factors,  thus,  the  hypotheses  set  for  this  research 
were  not  confirmed. 

However,   numerous   interpretations  can  be  drawn  from  the  Duncan's 
test  for  the  four  factors.     Although  it  could  not  be  concluded  with 
certainty  that  the  patterns  with  the  highest  means  were  the  most  preferred, 
the  patterns  that  were  expected  to  be  preferred  for  the  particular  factor 
did  have  the  highest  means.     For  example  in  the  "clarity"  factor,  peripheral 
fluorescent  lighting  at  the  high  illumination  level   had  the  highest  mean, 
similarly  for  the  "evaluation"  factor,   the  combination  of  central   and 
peripheral   fluorescent  lighting  +  Incandescent  lighting  had  the  highest 
mean,  similarly  for  the  "spaciousness"  factor,  peripheral   lighting  had 
the  highest  mean.     Some  future  research  might  look  at  these  patterns 
further. 
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Looking  at  the  Duncan's  tables  some  interesting  observations  can  be 
made.  For  "clarity"  the  combination  of  central  and  peripheral  fluorescent 
lighting  +  Incandescent  lighting  was  rated  high,  it  is  conceivable  that  the 
greater  number  of  lights  gave  feelings  of  clarity.  For  "evaluation"  the 
patterns  with  incandescent  lighting  were  rated  higher  than  patterns  without 
incandescent  lighting,  the  small  amount  of  incandescent  lighting  seemed 
to  be  preferred  as  an  addition;  the  high  illumination  condition  was  the 
lowest  for  "evaluation",  too  much  light  might  have  given  feelings  of  un- 
pleasantness. For  the  "warmth"  factor  patterns  with  fluorescent  lighting 
were  rated  as  cool  but  when  incandescent  lighting  was  added  to  them  they 
were  rated  towards  the  warm  side  as  should  be  expected. 

Implications 

The  results  validated  the  study  of  Flynn  and  others  (1973).  Their 
study  was  conducted  in  a  conference  room  and  this  study  simulated  the 
conditions  using  different  types  of  rooms.  The  same  factors  were  found 
which  shows  that  factor  analysis  can  be  done  for  these  kinds  of  research. 
Moreover  as  scale  models  were  used  in  this  research  to  study  real  con- 
ditions it  can  be  concluded  that  scale  models  can  simulate  real  conditions 
effectively  and  they  could  be  used  more  often  in  lighting  research.  The 
preferences  for  a  particular  kind  of  lighting  for  any  kind  of  room  does 
not  seem  to  be  very  strong.  One  of  the  limitations  of  the  scale  model 
used  was  that  all  the  luminal  res  were  in  the  ceiling;  these  days  increasing 
attention  is  being  given  to  task  ambient  lighting  and  this  wasn't  done. 
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Further  research  might  look  into  this  possibility  of  designing  such  models. 
More  research  needs  to  be  done  with  scale  models  and  factors  using  different 
variables  which  would  provide  insight  in  the  design  of  better  lighting  en- 
vironments. 
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CONCLUSION 

The  following  conclusions  can  be  drawn  from  the  present  research 
work: 

1.  The  results  validate  the  study  by  Flynn,  Spencer,  Martyniuk, 
and  Hendrick  (1973). 

2.  Factor  analysis  can  be  done  for  these  kinds  of  research. 

3.  Scale  models  can  simulate  real  conditions  effectively. 

4.  There  are  no  significant  differences  in  the  subjective 
judgments  between  the  type  of  room  for  any  of  the  four  factors. 

5.  There  are  significant  differences  in  the  subjective  judgments 
among  patterns  for  the  "clarity",  "evaluation",  and  "spaciousness" 
factors,  but  no  significant  differences  among  patterns  for  the 
"warmth"  factor. 

6.  The  hypotheses  that  for  each  factor  a  particular  pattern  will  be 
most  preferred  could  not  be  confirmed. 
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ABSTRACT 

This  report  describes  research  on  subjective  judgments  to  different 
lighting  conditions  using  a  scale  model.  The  basic  purpose  of  this  research 
was  to  validate  the  results  of  an  important  study  by  Flynn  and  others  (1973) 
by  using  scale  models.  The  lighting  arrangements  used  by  them  were  incor- 
porated in  the  model  to  a  great  extent.  The  model  was  studied  as  a  waiting 
room  and  a  living  room. 

The  subjects  made  subjective  judgments  for  seven  lighting  patterns  on 
semantic  differential  rating  scales.  Half  the  subjects  judged  the  model  as 
a  living  room  and  half  of  them  judged  it  as  a  waiting  room.  Factor  analysis 
of  the  semantic  scales  was  carried  out.  Four  factors  were  extracted. 

Results  of  this  research  validate  results  by  Flynn  and  others  (1973), 
the  same  factors  were  found  in  this  research  as  those  found  by  Flynn  and 
others  (1973).  Scale  modeling  technique  proved  to  be  an  effective  tool 
in  simulating  conditions  in  lighting  design. 

There  were  no  significant  differences  in  the  subjective  judgments 
between  the  type  of  room  for  any  of  the  four  factors.  This  may  indicate 
that  people  in  general  are  not  very  particular  about  the  kind  of  lighting 
they  would  prefer  for  a  living  or  waiting  room  or  for  other  kind  of  rooms. 
Significant  differences  were  found  among  patterns  for  the  "clarity", 
"evaluation",  and  "spaciousness"  factors  but  no  significant  differences 
among  patterns  for  the  "warmth"  factor.  The  hypotheses  set  that  for  each 
factor  a  particular  pattern  will  be  the  most  preferred  was  not  confirmed 
though  the  patterns  that  were  expected  to  be  preferred  did  have  the 


highest  means.  Some  future  research  might  look  at  these  patterns  further. 
More  research  is  needed  on  scale  models  and  factors  which  will  provide 
better  understanding  of  lighting  environments. 


